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Various theories which, in the past, have been proposed to explain acroparaesthesia, such as "vasomotor neurosis", endocrine dysfunctions, &c., were reviewed and found unsatisfactory.
A mechanical pathogenesis was put forward, the view being based onl the following arguments: (1) There is evidence to suggest that the disorder of function is affecting the peripheral nervous system of the arms. This is indicated by (a) the restriction, even in most advanced cases of long standing, of all the symptoms to the upper extremities; (b) the presence of objective sensory disturbances at the periphery in some cases; and (c) evidence in scme cases of increased mechanical irritabilitv of the nerves of the arm.
(2) Since, in the majority of cases, the sensorv disturbances are present in all fingers, it can be inferred that the spinal nerves composing the brachial plexus, or the brachial plexus itself, are principally involved.
(3) In view of the fact that acroparaesthesia is invariably relieved by rest and aggravated by muscular effort involving the shoulder girdle and upper extremities, it is probable that this lesion is mechanically determined.
When considering the possible causative mechanical factors, the important influence of sex and age on acroparx-sthesia must be recognized. Evidence was adduced that these differences of sex and age tend to bring about a diminution of downward and forward obliquity of the superior aperture of the thorax; a downward descent of the shoulder girdle as a whole may also take place as a result of senescence. The resulting change in the relations of the structures would favour some degree of compression of the elements of the brachial plexus, especiall'y in those cases where certain developmental abnormalities are already present. The neck muscles, by their contraction, probably contribute their quota to the "overcrowding" of structures in this region. When the arms are employed in certain actions, such as knitting, typing and writing, &c., the shoulder girdle has to be fixed and the neck muscles are utilized for this purpose indirectly. They may remain in a state of contraction for some time and this is probably sufficient, under the abnormal circumstances prevailing, to, produce some physiological disturbances in the brachial plexus and thus give rise to par;cesthesige. In man, these muscles are, in addition, concerned to an' important extent in aiding the diaphragm in respiration. Given, therefore, conditions favouring thoracic breathing, a persistent activity of these muscles will follow. The predominantly thoracic breathing occurring during sleep might explain the symptoms present on awakening in acroparaesthesia. It must be added, however, that in a typical case of acroparaesthesia in which tenotomy of the scalenus anticus was perforimed on one side, no unequivocal improvement resulted.
According to the view put forward, a concatenation of a number of different anatomical (congenital and acquired) and physiological factors can produce the syndrome of acroparesthesia; common to all cases, however, is a slight compression of the brachial plexus, usually only of a degree sufficient to bring on transient symptoms, but insufficient to produce any irreversible damage.
The Anatomy of the Thoracic Outlet in Relation to "Irritation" and Compression of Nerve Trunks By G. WEDDELL, M.D.
Department of Anatomy, University of Oxford
Introduction.-The morbid aniatomy of the thoracic outlet which may lead to a compression or angulation of the brachial plexus is complex and due to a number of different factors. There has been a tendency recently somewhat to oversimplify the aetiology of neurological symptoms and signs resulting from abnormalities of the thoracic outlet. For instance, in a paper by Swank and Simeone (1944) , cases with neurological symDt.oms and signs known to have cervical ribs are included under the heading of "scalenus anticus syndrome", whereas properly speaking, this term should be reserved for cases in which abnormalities of the scalenus anticus muscle are the primarv cause of the affection. There is a danger that this form of oversimplification will lead to less precision in diagnosis, and thus mismanagement of treatment. Whenever neurological symptoms or signs consistent with compression or "irritation" of the brachial olexus are encountered, attempts should be made to establish a precise diagnosis in order that treatment should be rational.
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From the anatomical point of view, therefore, abnormalities in relation to the following structures should be considered.
THE MORBID ANATOMY OF THE THORACIC OUTLEIr
Descent of the shoulder girdle. -Todd (1912) has suggested that compression of the subclavian structures can result from an abnormal development of the shoulder girdle. He supposes that normally duiring the course of development and growth, the acromial end of the clavicle and shoulder descend because of the weight of the upper extremity, and the sternal end of the -clavicle descends because of the contraction of the rectus abdominis muscle transmitted through the sternuim. On the other hand, no symptoms occur unless there is abnormal descent of the shoulder, or an arrested descent of the sternum and the anterior ends of the ribs. Either one or both of these abnormalities may (according to Todd) result in compression of the subclavian structures because of the stretching of the brachial plexus and subclavian vessels over a fixed cervical or first dorsal rib. He has shown that the descent of the shoulder is greater in females than in males, and presumes that this is due to a less powerful development of the suspensory muscles of the shoulder, especially the trapezius. In addition, he argues that the rectus abdominis muscle is relatively less powerful in the female, and thus exerts less pull on the sternum with the result that the anterior extremities of the clavicle and ribs are fixed at a higher level. These arguments are consistent with rhe clinical observation that cases of cervical rib with neurological symptoms and signs are more common in females.
On the basis of Todd's discussion, it is to be expected that, in a certain number of subjects who show minimal morphological abnormalities of the thoracic outlet, symptoms and signs referable to compression or "irritation" of roots of the brachial plexus will not appear until they are exposed to unaccustomed strain. Such strain may take the form of carrying of heavy weights, or bearing heavy packs on the shoulders, leading to an over-stretching of the trapezius muscles and thus to an abnormal descent of the shoulder girdle. Murphy (1910) , Stopford and Telford (1919) and others have described cases where symptoms of compression of the lower trunk of the brachial plexus by an apparentlv normal first thoracic rib, were relieved by removal of a segment of the rib. Geddes (1912) has also described a case in which symptoms related to angulation of the brachial plexus following pregnancy, were entirely relieved by postural manceuvres designed to elevate the shoulder girdle and increase the "tone" of the trapezius muscles.
Costo-clavicular compression.-Falconer and Weddell (1943) described three cases with symptoms and signs suggestive of a "scalenus anticus syndrome" which occurred following unaccustomed strain involving muscles of the shoulder girdle. The clinical picture was found to be due to an intermittent compression of the subclavian structures between the clavicle and the first rib. In these cases, morphological abnormalities resulting in an excessive narrowing of the interval between the clavicle and the first rib were responsible, and not angulation of the subclavian structures over the rib, or compression of the subclavian structures between the rib and scalenus anticus muscle. In one case in which symptoms and signs were unilateral there was radiographic .evidence of asymmetry of the thoracic outlet. This patient was submitted to operation under local anaesthesia and proof was forthcoming during postural manceuvres with the structures exposed, that the subclavian structures were being compressed between the clavicle and first rib. Contraction of the scalenus anticus muscle, either voluntarily or when stimulated electrically, was without effect. Following the removal of a segment of the first rib the symptoms and signs disappeared and the subclavian structures were no longer compressed by postural manoeuvres designed to approximate the clavicle to the first rib.
During the course of the operation an aneurysmal dilatation of the subclavian artery beyond the scalenus anticus muscle was encountered, proximal to the point of compression of the vessel. Similar aneurysmal dilatations have been descriled previously, and explained as being due to compression of the vessel between the first rib and the tendon of the scalenus anticus muscle. Ingenious theories have been evolved to account for the dilatation distal to the point of compression, but it appears probable that, in such cases, the chief point of compression of the vessel has been mistaken. The first rib.-Abnormalities of the first rib alone may also give rise to symptoms of compression due to angulation of the lower trunks of the brachial plexus. For instance, Swank and Simeone (1944) state that the first thoracic rib may have an abnormal curvative. It is of some interest that "stress" fractures of the first rib, though rare, may occur in the neighbourhood of the subclavian groove (Alderson, 1944) . Changes resulting from such fractures might well lead to symptoms and signs referable to compression or "irritation" of the nerves composing the brachial plexus.
The relation of the brachial plexuis to the thoracic outlet. -Jones (1913) has stated that from the phylogenetic point of view it is the formation of the brachial plexus which produces the ribless neck, and that from the embryological point of view anomalies in the limb plexuses are primary and not secondary to anomalies in the disposition of the ribs and vertebral elements. In a series of anatomical studies he has demonstrated, among other things, that when a brachial plexus includes caudal nerve roots which are normally outside the limits of the plexus the interference with the development of the first thoracic rib may be expected to reach its maxirmum. In contrast, when a cervical rib is well developed the plexus receives no contribution, or only a very small one, from the first thoracic nerve. He concludes that under normal conditions postfixation of the brachial plexus may readjust itself with the rib elements at a lower level, so may prefixation of the plexus readjust itself at a higher level. It is ip the intermediate grades, in which the development of the costal process is in excess of the plexus alteration, that strain is produced and symptoms are developed.
The cervical vertebra.-The anatomy of cervical ribs (or fibrous bands related to them) is too well known to need description. In many instances (Adson and Coffey, 1927) relief of symptoms and signs due to their presence can be effected by division of the scalenus anticus muscle only. However, it is important to distinguish these cases as a separate group from those of the "scalenus anticus syndrome", for on occasions either the rib may b%p so disposed in relation to the nerve trunks that this procedure alone is not effective, or fibrous bands extending from the tip of the rib towards the first thoracic rib have to be divided in order to relieve the pressure.
In addition to cervical ribs there may well be abnormalities of the cervical vertebrie in the neighbourhood of the emergence of the nerve roots, such as osteophytic outgrowths causing the slips of origin of the scalenus anticus muscle, during contraction, to compress the roots. Swank and Simeone (1944) have emphasized the dose relationship between the tendinous slips of origin of the scalenus anticus muscle and the cervical nerve roots. Each tendon of origin passes directly in front of, and in close relation with, the cervical nerve root one segment below. The nerves pass laterally and slightly downwards in grooves on the antero-superior surfaces of the transverse processes of the cervical vertebrae. Near the tips of these processes, the nerve lies directly between the transverse process which is grooved for it to lie in, and the tendon of origin of the scalenus anticus muscle arising from the transverse process above. The scalene mrtscles.-The "scalenus anticus syndrome" is now well recognized Swank and Simeone (1944) have described three types: "superior", "inferior" and "mixed" according to the particular nerve roots involved. They believe that the mechanism is similar to that of a vice, the ventral jaw of which is the scalenus anticus muscle, the structure or structures forming the dorsal jaw varying in different cases.
They believe that the actiology is due to hypertrophy of the scalenus anticus muscle following overactivity of the respiratory muscles. Unfortunately, there is no proof that their assumptions are correct. In 4 of the 15 cases reported, the symptoms and signs subsided with heat and massage, and with head posture designed to rest the affected muscle. Of the 10 patients submitted to operation, after failure on conservative treatment, the scalenus anticus muscle was said to be hypertrophied but they give no details of the standard against which they made this judgment. Abnormalities of the muscle and cervical ribs, &c., were noted in 9 of the cases, but no mention is made of any manceuvres performed at operation to show the vice-like action of the muscle. Relief of the symptoms, however, was obtained in all cases submitted to operation. It is certain, therefore, that division of scalenus anticus muscle was curative in that it relieved pressure from the nerve roots of the brachial plexus, but it is possible that the real aetiological factor lay primarily in the dorsal jaw of the vice, as in the cases of cervical rib, which they include under the heading "scalenus anticus syndrome". It is important to emphasize this point, for section of the scalenus anticus muscle for the relief of symptoms may not always be effective in cases of so-called "scalenus anticus syndrome". For instance, Falconer and Weddell (1943) have reported a case of compression of the lower trunk of the brachial plexus due to a tendinous band in the position of the scalenus minimus muscle. Clinically this case gave symptoms and signs typical of a "scalenus anticus syndrome". Cure was effected by division of the band.
At operation the scalenus anticus muscle could not be made to compress any of the plexus nerve roots by Stimulation of postural manoeuvres, and was left intact.
Enough has been said to show that the nerves composing the brachial plexus may be subjected to compression or distortion at a number of points between their exit from the intervertebral foraminai and their entrance into the axilla. Anatomical and physio-I Prolapsed cervical intervertebral disc (Elliott and Kremer, 1945) must also be considered in the differential diagnosis in subjects with sYmPtoms and signs of " irritstion " or compression of the nerve roots composing the brachisl plexus. logical abnormalities in relation to all parts of the following structures must be considered when making a diagnosis and instituting treatment: (1) The clavicle and first rib; (2) the brachial plexus; (3) the cervical vertebrae; (4) the scalene muscles.
It must always be remembered that a combination of abnormalities may be present. The inmportance of exact diagnosis in relation to treatment.-If a number of the nerve fibres composing the brachial plexus have undergone Wallerian degeneration, the results of any form of treatment will be disappointing, for the regeneration of peripheral nerves, particularlv over long distances, is functionally poor. Howell (1913) reviewed the results of operative treatment in cases with cervical ribs and concluded that, with regard to muscular weakness and atrophy, operation will greatly improve the condition if not' too long delayed. It is, therefore, of the utmost importance that an exact diagnosis should be made early in cases of brachial plexus, "irritation" or compression. Careful clinical, radiographic, and electromyographic assessment of each case should be undertaken in order to determine the mechanism giving rise to the symptoms and signs. For instance, in cases of acroparaesthesia associated with pregnancy, the symptoms are probably determined by anatomical changes occurring during the latter half of pregnancy. Respiration becomes more costal in type with consequent elevation of the first rib and is associated with increased activity and perhaps hvDertrophv of the scalene muscles which leads to a narrowing of the thoracic outlet. ;Since the changes responsible for the symptoms are reversible, the treatment is clearly conservative. Similarly in cases with abnormalities of the thoracic outlet in which symptoms and signs have arisen as a result of a change in occupation (leading to a descent of the shoulder girdle) the treatment is conservative in the first instance. In the majority of such cases, the pathological changes are reversible, and cure may be expected to follow the removal of the precipitating cause of the affection. On the other hand, in all cases in which symptoms and signs are progressive despite conservative measures, operation should be undertaken early in order to forestall Wallerian degeneration.
Any operation undertaken should be regarded as exploratory, and should preferably be performed under local anaesthesia. During the course of the operation every attempt should be made, by postural manoeuvres and electrical stimulation of the scalenus anticus muscle, to determine both the exact point and mechanism of the compression of the nerves. In some cases division of the scalenus anticus muscle alone wvill relieve the affection although its primary cause is a cervical rib. On other occasions it may be necessary to remove a segment of the first rib, or to dlivide a fibrous band occupving the position of a cervical rib. Since this Address was given a paper has appeared in Brain by Walshe et til. (1944) entitled: "On some pressure effects associated with cervical and with rudclinentary and 'normal' first ribs, and the factors entering into their causation." It is pleasing to note that our conclusions are in substantial agreement.
SUNINIARY
(1) The anatomv of the thoracic outlet has been discussed in relation to "irritatio(n" and compression of nerve trunks. (2) It has been emphasized that the nerves composing the brachial plexus may be subjected to "irritation" or compression at a number of points along their course, and that a number of anatomical and physiological factors may be responsible, either singly or in combination. (3) It is important to establish the precise nature of the anatomical conditions in the establishmnent of a diagnosis if treatmelnt is to be successful. (4) In cases in which symptoms and signs are progressive, operation should be undertaken as early as possible. Exact confirmation of the diagnosis should be obtained at operation by postural manoeuvres and stimulation of the scalene muscles.
